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(57) ABSTRACT 

A method and system for providing delta-versioning of data 
stored in an object-based data repository. In the preferred 
embodiment, delta-versioning is provided for "file' objects 
in a PCTE implementation in a manner which is relatively 
versatile for developers of PCTE compliant tools and pro 
grams and which is largely transparent to the users of those 
tools and programs. Further, redundant restoration of delta 
versioned data is minimized and automatic removal restored 
data which is no longer needed is provided. 
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1. 

SYSTEM FOR AND METHOD OF 
PROVIDING DELTAVERSONING OF THE 
CONTENTS OF PCTE FILE OBJECTS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and a system for 

providing delta-versioning of data associated with objects. 
More specifically, the method and system of the present 
invention provides delta-versioning of data associated with 
objects stored in a repository in software engineering envi 
ronments, such as PCTE, wherein data associated with the 
objects can be stored in files on a host file system. The 
present invention also allows for delta-versioning of data 
associated with objects which are arranged in version graphs 
including multiple predecessor and successor objects. 

2. Description of the Prior Art 
It is known in software development systems and other 

file creation systems to provide control of the various 
versions of documents which are produced. One known 
document management tool is SCCS (Source Code Control 
System) which is described in “The Source Code Control 
System', M. J. Rochkind, National Conference on Software 
Engineering, 1st proceeding, Washington, D.C., Sep. 11, 
1975, pp. 37-43 and in other references. In SCCS, all 
versions of a source code file are maintained to provide a 
history of the amendments which have been effected 
between the original version of a source code file and its 
most recent version or versions. 
One of the disadvantages of maintaining multiple versions 

of files is the amount of data storage required to store them. 
In large software development projects, hundreds of ver 
sions of various source code files may be created, necessi 
tating large data storage repositories. To reduce the size of 
the storage repositories which would otherwise be required 
for storing multiple versions of documents, it is known to 
employ either forward or reverse delta-versioning. 

In forward delta-versioning, a delta control file is created 
representing the complete first version of a file and "deltas' 
are added to the control file for each subsequent version. 
These deltas represent the changes required to convert a 
previous version of a file to a later version. Once a delta for 
a Subsequent version file has been added to the delta control 
file, the version file may be removed from the file system as 
it can be restored, when needed, from the delta control file. 
As a delta is almost always much smaller than the version 
file, a significant saving of storage space results. 

For example, a delta control file may be created for 
version 1 of a file and the version 1 file is then deleted. When 
a new version of the file, version 2, is created the delta 
control file is updated to include the version 2 delta which 
contains the changes which were effected to version 1 of the 
file to obtain version 2. If the user wishes to access version 
1, the original version of the file is extracted from the delta 
control file. If the user wishes to access version 2, the 
original version is extracted and the changes in the version 
2 delta are applied to it to restore version 2 of the file. If, as 
is often the case, multiple versions have been created and 
"delta-ed', then the original version is extracted and the 
changes of each intervening delta are applied, in sequence, 
to restore the desired version of the file. 

Reverse delta-versioning is similar to forward delta-ver 
sioning, differing only in that the most recent version of the 
file is stored in full in the delta control file along with deltas 
to recreate preceding versions. 
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2 
Delta-versioning is often implemented as part of a version 

management tool, such as the above-mentioned SCCS, 
however this is a problem in that such version management 
tools are often standalone systems. For example, SCCS is a 
separate tool from other development tools, such as data 
modelling, text editing or formatting tools. A user must 
therefore first invoke the versioning tool to obtain the 
version of the file desired and then must invoke a separate 
tool to operate on the recovered version of the file. 

In general, the lack of integration between various devel 
opment tools has been a problem with Computer Aided 
Software Engineering (CASE) systems. Relatively recently, 
development tool manufacturers have attempted to define 
Software Engineering Environments (SEEs) to facilitate the 
sharing of data between different development tools. One 
such effort has been made by the European Computer 
Manufacturers Association (ECMA), which association has 
defined the Portable Common Tool Environment (PCTE) in 
the publication, "Portable Common Tool Environment 
Abstract Specification', standard ECMA-149, December 
1990 and in "Portable Common Tool Environment-C 
Programming Language Binding', standard ECMA-158, 
June 1991, the contents of each of which are included 
herewith by reference. 
PCTE is a SEE which comprises a public tool interface, 

or application program interface (API), and a repository 
wherein all of the information required in the SEE may be 
stored. Currently, API's (or bindings) are defined for the C 
and Ada programming languages, although other API's may 
well be available in the future. 

The information stored in the repository includes software 
tool programs, data and documents and the public tool 
interface allows that information to be shared and used by 
various tools and/or users. In PCTE the repository is object 
based, as is described below in more detail. 

While PCTE provides for improved sharing of data 
between tools, problems exist with PCTE and similar sys 
tems that employ an object-based repository in that no 
provisions have been made for delta-versioning of data 
associated with objects stored in the repository. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a novel 
method of providing delta-versioning of data associated with 
objects in a repository. It is a further object of the present 
invention to provide a novel system to provide delta-ver 
Sioning of data associated with objects in a repository. 

According to one aspect of the present invention, there is 
provided a method of providing delta-versioning for data 
associated with one or more specified objects stored in a data 
repository, the data being stored on a host file system, 
comprising the steps of: 

(i) defining a delta-versioning program to be used with the 
data associated with each of said one or more specified 
objects; 

(ii) creating a delta control file and associating the delta 
control file with each of said one or more specified objects, 
the data associated with each of said one or more specified 
objects being incorporated into said delta control file and 
otherwise removed from the host file system; 

(iii) associating a unique identifier with each of said one 
or more specified objects, said identifier indicating the 
contents of said delta control file required to reconstruct the 
data associated with the specified object associated with said 
identifier. 
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Preferably, the defined delta-versioning program is 
executed to restore data associated with a selected object by 
the unique identifier from the delta control file to a file on the 
host file system. Also preferably, the method first checks to 
determine if the data associated with a selected object has 
already been restored to a file on the host file system and 
only restores the data if it is not already present. Also 
preferably, the method removes the file of restored data from 
the host file system when it is no longer in use. Also 
preferably, any object in a version graph of objects may be 
specified for delta-versioning of the data associated with it 
and that object and all objects preceding it in the version 
graph will have the data associated with them delta-ver 
sioned. Also preferably, the method can be arranged to 
delta-version the data associated with all of the objects in the 
version graph. 

According to another aspect of the present invention, 
there is provided a system for providing delta-versioning of 
data stored on a host file system, said data being associated 
with objects stored in a data repository, said stored objects 
including an original object and one or more related objects 
which are succeeding versions of said original object, com 
prising: means to create a delta version control file contain 
ing an original version delta for data associated with said 
original object, means to create a subsequent delta in said 
delta control file between data associated with a selected one 
of said one or more related objects and data associated with 
one of said original object and the others of said one or more 
related objects which precede said selected one object; 
means to remove said data associated with said objects 
whose delta is in said delta control file from said host file 
system; and means to restore said data associated with a 
specified object to said host file system from said delta 
control file. 

According to another aspect of the present invention, 
there is provided a method of providing delta-versioning for 
the contents of file objects in a PCTE data repository 
wherein the contents of each file object are stored as files on 
a host file system, comprising the steps of: 

(i) defining a delta-versioning program to be used with the 
contents of one or more specified file objects; 

(ii) creating a delta control file and associating the delta 
control file with each of said one or more specified file 
objects, the contents files of each of said one or more 
specified file objects being incorporated into said delta 
control file and the contents files being removed from the 
host file system; 

(iii) associating a unique identifier with each of said one 
or more specified file objects, said identifier indicating the 
contents of said delta control file required to reconstruct the 
contents of the file object associated with each file object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention will be described, 
by way of example only, with reference to the accompanying 
drawings, in which: 

FIG. 1 shows a representation of the PCTE root object 
type "object' including some of its associated attributes and 
links; 

FIG. 2 shows a representation of a PCTE “file” object, 
including the mapping of its contents to a file on a host file 
system in a conventional PCTE system; 

FIG. 3 shows a representation of the addition of a new 
version of the "file' object of FIG. 2, including the mapping 
of its contents; 
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4 
FIG. 4 shows a representation similar to that of FIG. 2 

wherein the contents of the "file' object have been delta 
versioned in a PCTE system in accordance with the present 
invention; 

FIG. 5 shows a representation of the addition of a new 
version of the "file' object of FIG. 4; 

FIG. 6 shows a representation in accordance with the 
present invention of a plurality of versions of the "file' 
object of FIG. 4; 

FIG. 7 shows a representation of a PCTE version graph 
for an object, and 

FIG. 8 shows a representation of a PCTE version graph 
which includes both objects that have been delta-versioned 
and objects which have not. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

For clarity, the following discussion only refers to forward 
delta-versioning systems but it will be clear to those of skill 
in the art that, with simple and apparent changes, the present 
invention can employ either forward or reverse delta-ver 
sioning systems, or both. 
As briefly mentioned above, PCTE includes a repository 

to store all data, programs and documents in the system and 
to allow sharing of the stored information. In PCTE, data is 
stored in the repository as objects and each object has 
various attributes and links defined for it. In PCTE, the 
repository is referred to as the "object base' and may, for 
example, be distributed in multiple hosts connected in a 
network. 

In PCTE, the root (parent) object type for all objects in the 
object base is called "object'. As shown in FIG. 1, the 
"object' type 8 includes a number of predefined attributes 
14, including for example a "last mod time' attribute, and 
can include a number of links 16, including a "predecessor' 
link and a "successor' link. Typically, in PCTE links of 
cardinality many are labelled with a prefix which is related 
to the originating object to provide unique labels for the 
links (i.e.-0.successor). 
One of the features of PCTE is that it provides version 

management of objects. Accordingly, the "predecessor' link 
points to a preceding version of an object and the "succes 
sor' link points to the subsequent version of an object. In 
FIG. 2, the predecessor and successor links of object 10 do 
not exist indicating that it has no predecessor or successor 
objects. 
As part of the version management provided by PCTE, 

the "predecessor' link has a stability property defined which 
prevents a preceding object from being modified. Instead, 
PCTE provides the "version revise' API (application pro 
gram interface) to create a new, revised, version of an object. 
This API creates a new version of the object and sets the 
"predecessor' link of the new object to point to the previous 
version of the object and sets the "successor' link of that 
previous object to point to the new object. 

In PCTE, a "file' object is a sub-type of the “object' type 
and is primarily concerned with the contents of an object. As 
shown in FIG. 2, a "file' object 10 has a "contents' attribute. 
PCTE provides APIs for reading and writing the contents of 
a "file' object as a series of bytes which are not interpreted 
by the PCTE system. One of the uses for “file' objects is 
that, if data is stored in PCTE as "file' objects, conventional 
file-based development tools may be partially integrated into 
PCTE by encapsulating the development tools to employ 
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PCTE "file' objects and their contents. However, as men 
tioned above, PCTE does not provide any means to imple 
ment delta-versioning of the contents of "file' objects stored 
in the PCTE repository. 

In conventional implementations of PCTE, such as that 
developed at the IBM Application Development Technology 
Center in Toronto, Canada, the "contents' attribute of a 
PCTE "file" object "maps” to a file on a host file system 40. 
In FIG. 2, "file' object 10 has its contents stored in a file with 
the path and filename “\usr\csource\foobar” in the file sys 
tem 40 and this path and filename form part of the "contents' 
attribute. 

FIG. 3 shows the result of a user creating a new version 
44 of object 10 using the above-mentioned “version revise' 
API. As shown in the Figure, the "successor' link of object 
10, labelled "0.successor', is set to point to new object 44 
and the "predecessor' link of object 44, labelled "0.prede 
cessor', is set to point to object 10. Also, the contents of 
object 44 are stored in the file "newfoo” at “\userNCsource” 
and the "contents' attribute is set accordingly. 
The present invention provides a method and system 

whereby an implementer of a PCTE compliant tool or 
program may provide delta-versioning of the contents of 
"file' objects in a simple, consistent manner which is largely 
transparent to a user. This is accomplished, within an oth 
erwise conventional PCTE implementation, primarily by 
providing two external interfaces, namely: a delta-version 
ing API; and a program specification. As described below, 
the delta-versioning API is called by a PCTE version control 
tool to perform delta-versioning on the contents of a "file' 
object and its predecessor objects. If specified by the tool 
calling the API, the successor objects can also be delta 
versioned by passing the API a boolean parameter. 
As is described in Appendix 1, the program specification 

defines the command line interface that the actual delta 
versioning program(s) must comply with to be invoked from 
within the delta-versioning API. 

In the "C" language, the delta-versioning API interface is: 

int IBM pcte contents create delta ( 
Pcte object reference 
Pcteboolean 
Pcte string 

file object, 
delta successor, 
delta program 

), 

In this interface, file object is an object identifier to 
indicates the object to be delta-versioned, delta successor is 
a boolean flag to indicate whether the successor object(s) to 
the specified object should also be delta-versioned 
(described below) and delta program is a string which is 
the name of a program that has been written to comply with 
the program specification in Appendix 1 and is to be used to 
perform the actual delta-versioning work. 

In the presently preferred embodiment of the present 
invention, the "file' object includes two additional, private, 
attributes. Specifically, there is provided: a "delta prgm' 
attribute which indicates which delta-versioning program is 
used to delta or to recreate the contents, if this attribute does 
not exist, the "file' object has not been delta-versioned; and 
a "delta version' attribute which indicates which particular 
delta within the delta control file represents the contents of 
the "file' object. Further, in the presently preferred embodi 
ment if the contents of the "file' are delta-versioned, the 
"contents' attribute includes the path and filename of the 
delta control file for the contents. 

In the present invention, the "file' object's private 
attributes are modified such that, when a program attempts 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
to read or write the contents of a "file' object, the object first 
checks for the existence of the "delta prgm' attribute to 
determine whether delta-versioning has been designated for 
the object. 

For a read operation, if the "delta prgm' attribute does 
not exist, the contents of the "file' object are accessed in the 
conventional fashion, i.e.-the file which stores the contents 
is read from the host file system 40. If the "delta prgm' 
attribute exists, the delta-versioning program indicated by 
the "delta prgm' attribute is called (transparently to the 
user) to restore the version of the contents required by the 
user from the delta control file. Specifically, the PCTE 
system employs the delta-versioning program indicated by 
the "delta prgm' attribute and passes the delta-versioning 
program appropriate parameters (as described in Appendix 
1) including parameters to indicate that a restore operation 
is to be performed, the version which must be restored (as 
indicated by the "delta version' attribute), the path and 
filename of the appropriate delta control file (from the 
"contents' attribute) and a filename for the restored file 
created by the delta-versioning program. 
To create a first (original) version of a “file' object, the 

user creates the "file' object and its contents in the normal 
manner. If the contents of the "file' object are to be 
delta-versioned, a call is made to the delta-versioning API to 
create a delta control file. Specifically, the API is called with 
suitable parameters including: the "file' object of interest; 
the delta-versioning program to be employed. The API sets 
the "file' object's "delta prgm' attribute to the delta 
versioning program to be used and invokes the delta 
versioning program to create the delta control file for the 
"file' object's contents. The "contents' attribute in the “file' 
object is updated to include the path and filename of the 
delta control file which has been created and the "file' 
object's "delta version' attribute is set to a value repre 
senting the version identifier which is returned by the 
delta-versioning program. Finally, the original, non-delta 
versioned, contents file on host file system 40 is deleted. 

FIG. 4 shows a "file' object 46 which is similar to object 
10 in FIG. 2 but whose contents have been delta-versioned. 
As shown in the Figure, a delta control file 48 has been 
created for the contents of object 46 on file system 40. The 
"contents' attribute has been updated to include the name 
and path to delta control file 48, the "delta prgm' attribute 
has been set to indicate that the delta was created by the 
SCCS delta versioning program and the "delta version' 
attribute has been set to the version identifier returned by the 
delta-versioning program, in this example indicating that the 
version is A0, i.e.-the original version. 

FIG. 5 shows the result of a new version of “file' object 
46 of FIG. 4 being created with the “version revise' API. 
The contents of the resulting "file' object 50 has also been 
delta-versioned by a call to the delta-versioning API with 
parameters including object 50 and the same delta-version 
ing program employed for delta-versioning the contents of 
object 46. The "contents' attribute of object 50 includes the 
path and filename of delta control file 48 which has been 
updated to include a delta to reconstruct the contents of 
object50. Object50's "delta prgm' attribute is set to SCCS 
and its "delta version' attribute is set to A1, as returned by 
the delta-versioning program. The "successor' link of object 
46, "0.successor', is set to indicate object 50 and the 
"predecessor' link of object 50, "Opredecessor', is set to 
indicate object 46 in the conventional manner. FIG. 6 shows 
the results of creating multiple versions of a "file' object 
which have been delta-versioned. 

As mentioned above, the present invention allows a user 
to delta-version a "file' object and its predecessors and 
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successors. Accordingly, the present invention must be able, 
given a "file' object as a parameter to the delta-versioning 
API, to identify each predecessor and successor object of the 
given object. This is slightly complicated by the fact that 
PCTE allows an object to have multiple predecessor and/or 
successor objects, resulting in version graphs such as that 
shown in FIG. 7. 

In the present invention, given an object as a parameter to 
the delta-versioning API, its version graph is determined 
during the execution of the API by first traversing the 
predecessor links of the object and, in turn, the predecessor 
links of its predecessors. If an object has multiple predeces 
sors, the traversal fans out to encompass each branch of 
those predecessor links. The traversal of the objects in a 
branch ceases when the traversal reaches the earliest object 
of the branch or when the traversal reaches an object which 
has been previously identified during the traversal. In some 
circumstances, such as wherein a traversal starts from object 
V6 of FIG. 7, one or more objects such as object V3 will not 
be located by the predecessor traversal. 
Once the traversal of the predecessor links has been 

completed, the successor links are traversed from the given 
object until the leaf objects of each branch are reached. At 
this point, and "missed' predecessor objects are identified 
by again traversing the predecessor links, as described 
above, starting from each identified leaf object. For the 
specific example of FIG. 7, object V3 would be identified by 
traversing the predecessor link from object V8. 
Once a complete version graph has been obtained for the 

given object, the delta-versioning API invokes the delta 
versioning program, which was passed to this API as a 
parameter, to "implement' the delta-versioning. The delta 
versioning program is invoked to create a delta control file 
for the original object and to create and add deltas for each 
subsequent version object. The above-mentioned attributes 
of the delta-versioned objects are set appropriately and, as 
last step which occurs only after a successful creation of a 
delta control file and/or delta (described further below), the 
contents files are removed from the host file system. 
The present invention also allows delta-versioning of only 

part of a version graph by selecting an object for delta 
versioning and not specifying that its successor objects 
should also be delta-versioned. In this case, a value of false 
is passed to the boolean parameter of the delta-versioning 
API indicating that only the predecessors of the given object 
are to be delta-versioned, thus excluding its successors. FIG. 
8 shows an example wherein "file' objects V4 and its 
predecessor objects V3 through V1 have been delta-ver 
sioned without delta-versioning its successor objects V5 
through V7. 

If a user subsequently specifies that object V7 is to be 
delta-versioned, the present invention first cheeks to see if 
object V7 has a predecessor object. If it does not, unlike the 
example shown in FIG. 8, V7 is the original object and the 
delta-versioning program will be invoked to create a delta 
control file for the contents as previously described above. 
If object V7 does have a predecessor object, i.e. object V7 
is a subsequent version of another "file' object as is the case 
in FIG. 8, the present invention will determine the version 
graph for V7, as described above. In the trivial case, none of 
the objects in the version graph have been delta-versioned 
and a delta control file is created for the original object in the 
version graph and deltas are added for each subsequent 
object, in turn, as described above. In the non-trivial case, 
such as that shown in FIG.8 wherein some of the preceding 
objects have been delta-ed and some have not, the present 
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8 
invention identifies the earliest preceding object in the 
version graph which has been delta-versioned and delta 
versions each succeeding object, in turn, by adding an 
appropriate delta to the delta control file indicated by the 
“contents' attribute of that earliest preceding delta-ver 
sioned object. 

In the case, such as object of object V7 in FIG. 7, that an 
object has two or more predecessor objects, the delta is 
created between the object and the earlier of its predeces 
sors. The attributes of each of the newly delta-versioned 
objects are appropriately updated and, upon completion of a 
successful delta-versioning, the contents files on the host file 
system are removed. 

If desired, the user can specify that the present invention 
also cheeks to see if object V7 has any successor objects 
which should be delta-versioned. If delta-versioning is 
specified for successor objects, the present invention will 
check to see if object V7 has successor objects. If it does, 
they are delta-versioned, in turn, to complete the delta 
versioning of the entire version graph. 
An additional feature of the present invention is that of 

shared storage for restored contents files and automatic 
clearing of file system storage space when the restored 
contents are no longer needed. When a read operation 
(invoked by a "contents open' or similar API) is performed 
on a "file' object whose contents have been delta-versioned, 
a check is performed to see if any other user already has 
restored the desired contents. Specifically, a check is per 
formed to see if the restored contents file is already present 
on host file system 40. If so, the user is provided with a file 
handle to that restored contents file. If no other user is 
accessing the desired contents (i.e.-the restored contents do 
not already exist on the host file system), the contents are 
restored by the delta-versioning program (as described 
above) to a file on the host file system and the user is 
supplied with the file handle of the restored file while the 
delta control file and associated delta remain unchanged. 
When the contents are no longer needed by a user, they 

are de-accessed (by a "contents close' or similar API). 
When there is no longer any user accessing the restored 
contents file, the file is closed in the conventional manner 
and the file handle freed. In this manner, redundant storage 
is reduced and storage space which is no longer needed is 
freed. 

By definition in PCTE, any API must be atomic, meaning 
that an API call must either completely succeed or have no 
effect if it fails. To comply with this requirement, the 
delta-versioning program provides two calls which allow the 
delta-versioning API to perform the necessary error correc 
tion steps if an invocation of the API fails. Specifically, the 
delta-versioning program includes a call which deletes a 
delta control file, thus removing all delta versions, and a call 
which removes deltas from a delta control file when the 
deltas are subsequent to a specified version. These two calls, 
in addition to the create, update and restore calls, allow for 
the required atomic implementation of the delta-versioning 
API. 

Presently, many delta-versioning programs do not directly 
support the delta-versioning program specification of the 
present invention. Accordingly, the program specification 
has been designed to work with existing delta-versioning 
programs which have been encapsulated to correspond with 
the specification. Specifically, in the presently preferred 
embodiment the SCCS program has been encapsulated by a 
wrapper implemented as a UNIX®) KORN Shell script, as 
shown in Appendix 2. Of course, any suitable wrapper or 
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encapsulation method may be employed to allow other 
delta-versioning programs to be employed, as would occur 
to those of skill in the art. 

As mentioned above, the present invention is not limited 
to any particular delta-versioning system or program. It is 
contemplated that under some circumstances the imple 
menter of a PCTE tool or program may wish to provide 
different delta-versioning programs for different types of 
contents. For example, SCCS may be provided for text 
contents while another delta-versioning program is provided 10 
forbinary contents. In such a case, the tool implementer may 

10 
first check the file contents to find out what program (SCCS 
for example) is suitable. When a suitable delta-versioning 
program has been determined, the API is called to perform 
the delta-versioning with the identified program. 
The present invention provides for the delta-versioning of 

data associated with objects, such as the PCTE "file' object, 
in a manner which is transparent to the user and yet flexible 
for the implementer of the tool or program. The present 
invention also provides for the automatic freeing of storage 
space occupied by restored versions of contents files which 
are no longer required. 

APPENDIX 1. 

A delta command string comprises the name of the particular delta-versioning 

COMMAND 
IDENTIFIER 

program selected followed by one of: 

PARAMETER(S) DESCRIPTION 

initial version file 

delta control file, 
version file 

delta control file, 
restored file version, 
version identifier 

delta control file 

delta control file, 
version identifier 

version file 

APPENDIX 2 

this call creates a delta control file 
from the original version of the file 
"initial version file'. The call returns 
the path and filename of the delta 
control file created and the version 
identifier produced by the delta 
program. 
this call creates a delta between the 
file "version file" and its previous 
version in the delta control file 
"delta control file'. The call returns 
the path and filename of the delta 
control file and the version identifier 
produced by the delta program. 
this call restores a version with the 
version identifier 'version identifier' 
from the delta control file 
"delta control file" and gives it the 
filename "restored version file'. 
this call erases the delta control file 
'delta controfile'. 
this call erases subsequent delta 
versions of a version identifier 
'version identifier' from the delta 
control file "delta control file'. 
this call tests the contents of the input 
file 'version file' to determine if the 
contents are valid for the delta 
versioning mechanism of the delta 
program. The call returns a 0 if the 
contents are valid, a 1 if they are not 
valid. 

Each of the program calls also returns an exit code which 
indicates whether the call has succeeded or failed. 

illbiniksh. 
for x 
do 

case $x in 
-c) 
ROOT FILE NAME = S2 
SUFFIX = 'echo S0 awk-Fi 'print SNF}'' 
LAST FNAME COMP = echo SROOT FILE NAME awk-Fi 'print SNF}'' 
S FILE NAME = echo SROOT FILE NAMEW 
sed "sf"SLAST FNAME COMP'?s. "SLAST FNAME COMP'. 'SSUFFIX'f'' 
VERSION is 1. 
if (! -f "SS FILE NAME" 
then 
SO -d SS FILE NAME SROOT FILE NAME 
rc = S. 

exit Src 
fi 
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APPENDIX 2-continued 

14 

y 

SFILE NAME = S2 
VERSION TO KEEP = S3 
prs-rSVERSION TO KEEP = -1 -d"::" SS FILE NAME|\ 
whilc read NEW VERSION 
do 

if "SNEWVERSION" = "SVERSION TO KEEP" 
then 
rmdel-rSNEW VERSION SS FILE NAME >>/dev/null 2>&1 
rc=S 
if rc -ne 0 ) 
then 

exit Src 
f 

fi 
done 

exit 0 

-f) 
FILE NAME = S2 
FILE INFO = file SFILE NAME 
TEST TYPE = echo SFILE INFO awk "Itext/" 
TEST EMPTY = 'echo SFILE INFO awk 'fempty?' 
TEST ILLEGAL = 'echo SFILE INFO awk 'fillegal/" 
TEST DATA = echo SFILE INFO awk ?cata/ 
if -z "STEST ILLEGAL") || -z "STEST DATA" ) 
then 

exit 1 
fi 
if ( -z "STEST TYPE" && -z "STEST EMPTY" 
then 

cxit 1 
fi 
exit 0 

+) yy 

exit 1 

SaC 

done 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A method of providing delta-versioning for data asso 
ciated with one or more specified objects stored in a data 
repository, the data being stored on a host file system, 
comprising the steps of: 

(i) defining a delta-versioning program to be used with the 
data associated with each of said one or more specified 
objects; 

(ii) creating a delta control file and associating the delta 
control file with each of said one or more specified 
objects, the data associated with each of said one or 
more specified objects being incorporated into said 
delta control file and otherwise removed from the host 
file system; 

(iii) associating a unique identifier with each of said one 
or more specified objects, said identifier indicating the 
contents of said delta control file required to reconstruct 
the data associated with the specified object associated 
with said identifier. 

2. The method of claim 1 further comprising the step of: 
(iv) executing the defined delta-versioning program to 

restore data associated with a selected one of said one 
or more specified objects from the delta control file 
associated with said one object to a file on the host file 
system, said data being identified by said unique iden 
tifier associated with said selected object. 

3. The method of claim 2 further comprising, prior to step 
(i), the step of determining which of two or more different 

40 

45 

50 

55 

60 

65 

delta-versioning programs can be defined for use with said 
data associated with said one or more specified objects. 

4. The method of claim 2 wherein step (iv) is omitted if 
the data associated with said selected one of said one or 
more specified objects is already in a file on said host file 
system. 

5. The method of claim 2 further comprising the step of: 
(v) determining when the file of restored data created in 

step (iv) is no longer in use and deleting it from the host 
file system. 

6. The method of claim 5 wherein step (iv) is omitted if 
the data associated with said selected one of said one or 
more specified objects is already in a file on said host file 
system. 

7. The method of claim 2 including two or more objects, 
each of said two or more objects constituting a different 
version of each of the others of said two or more objects and 
further comprising the step of, starting from a selected one 
of said two or more objects, determining a version graph of 
said two or more objects, said specified objects comprising 
said selected one of said objects and each object in said 
version graph which proceeds said selected one of said 
objects. 

8. The method of claim 7 wherein said specified objects 
further comprise each object in said version graph which 
succeeds said selected one of said objects. 

9. A system for providing delta-versioning of data stored 
on a host file system, said data being associated with objects 
stored in a data repository, said stored objects including an 
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original object and one or more related objects which are 
succeeding versions of said original object, comprising: 

means to create a delta version control file containing an 
original version delta for data associated with said 
original object; 

means to create a subsequent delta in said delta control file 
between data associated with a selected one of said one 
or more related objects and data associated with one of 
said original object and the others of said one or more 
related objects which precede said selected one object; 

means to remove said data associated with said objects 
whose delta is in said delta control file from said host 
file system; and 

means to restore said data associated with a specified 
object to said host file system from said delta control 
file. 

10. A system as defined in claim 9, wherein each said 
object includes means to indicate its relationship to related 
preceding and succeeding objects. 

11. A system as defined in claim 10 wherein said means 
to create a subsequent delta is responsive to said means to 
indicate relationships such that said means to create subse 
quent deltas will first create a delta for each object for which 
a delta is not present in said delta control file and which 
precedes said selected one object. 

12. A system as defined in claim 11 wherein said means 
to create subsequent deltas also creates a delta for object 
succeeding said selected one object. 

13. A system as defined in claim 9 further including means 
to determine if said restored associated data is in use and 
wherein said means to remove data is responsive to said 
means to determine to remove restored data which is not in 
SC. 

14. A system as defined in claim 9 further including means 
to determine if said restored associated data is already 
present on said host file system and wherein said means to 
restore associated data is responsive to said means to deter 
mine to restore removed associated data only if said 
removed data is not present on said host file system. 

15. A system as defined in claim 9 further including means 
to determine if said restored associated data is in use and 
wherein said means to remove data is responsive to said 
means to determine to remove restored data which is not in 
S. 

16. A method of providing delta-versioning for the con 
tents of file objects in a PCTE data repository wherein the 
contents of each file object are stored as files on a host file 
System, comprising the steps of: 
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(i) defining a delta-versioning program to be used with the 

contents of one or more specified file objects; 
(ii) creating a delta control file and associating the delta 

control file with each of said one or more specified file 
objects, the contents files of each of said one or more 
specified file objects being incorporated into said delta 
control file and the contents files being removed from 
the host file system; 

(iii) associating a unique identifier with each of said one 
or more specified file objects, said identifier indicating 
the contents of said delta control file required to recon 
struct the contents of the file object associated with 
each file object. 

17. The method of claim 16 further comprising the step of: 
(iv) executing the defined delta-versioning program to 

restore the contents of a selected one of said file objects 
to said host file system from the delta control file 
associated, said contents being identified by said 
unique identifier associated with said selected file 
object. 

18.The method of claim 17 further comprising the step of, 
prior to step (i), testing the contents of said specified file 
objects to determine one or more delta-versioning programs 
suitable for definition in step (i). 

19. The method of claim 17 wherein step (iv) is omitted 
if the restored contents of said selected file object are already 
present on said host file system. 

20. The method of claim 18 further comprising the step of: 
(v) determining when the restored contents file created in 

step (iv) is no longer in use and deleting it from the host 
file system. 

21. The method of claim 20 wherein step (iv) is omitted 
if the restored contents of said selected file object are already 
present on said host file system. 

22. The method of claim 17 including two or more file 
objects, each of said two or more file objects constituting a 
different version of each of the others of said two or more file 
objects and further comprising the step of, starting from a 
Selected one of said two or more file objects, determining the 
version graph of said two or more file objects, said specified 
file objects comprising said selected one file object and each 
file object in said version graph which proceeds said selected 
one file object. 

23. The method of claim 22 wherein said specified file 
objects further comprise each file object in said version 
graph which succeeds said selected one file object. 

k : 


